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SUMMARY
The main aim of this study was to estimate phenotypic correlations among 
withers height, chest girth, and cannon bone circumference measured during 
the growth of Lipizzan horses from the Croatian state breeding studs. The data 
comprised of 912 horses born between 1930 and 2002 and measured during 
the growth (at foaling, with six months, with 12 months, with 24 months, 
with 36 months, and as adult horses). The estimates among different traits 
related to the same age ranged between 0.44 and 0.84. Phenotypic correlations 
among different growth periods ranged between 0.43 and 0.88, between 0.13 
and 0.73, and between 0.17 and 0.854 for withers height, chest girth, and 
cannon bone circumference, respectively. In conclusion, the measurements 
taken during the growth of the Lipizzan horse can be used for prediction of 
the size of the adult horse.
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INTRODUCTION
Measuring the offsprings growth and development 
at different age gives an insight into the growth and 
development intensity which varies at certain age 
structures. The development of certain body parts 
depends on genetic and ecological influences. In 
a regular offsprings growth and development a 
breeder has a high influence on a correct treatment 
at the offsprings developing phase. At the state stud 
Djakovo a special attention is drawn to a correct 
offsprings breeding and horses at maturity, as well 
as to the horse training. In order to emphasize the 
hereditary factors at the foals developing phase, it is 
necessary to provide enough room which contributes 
to a normal physical development. The breeding 
head evaluation depends on their development 
and usage value, as well as the breeding use. The 
development grade is obtained by measuring certain 
body dimensions and their corresponding to the 
standard for a certain breed. Being familiar with 
the correlation of certain production characteristics 
is very important in breeding-selective work. If the 
correlation is positive, the improvement of one 
characteristic influences the improvement of other 
mutual positive characteristics, which essentially 
influence the general selective success.
According to Saastamoinen (1990) the physical 
measures of young horses were high in correlation. 
The highest correlation was observed in live weight 
and height measures. The height increase was in 
positive correlation with the withers height. Those 
correlations were highest at the age of 12 months. In 
the same study, the physical measures at birth were 
in low correlation with the measures at maturity, 
excluding the cannon bone circumference. Measures 
at the age of 18 months are in higher correlation than 
measures at older age. The withers height at the age 
of six months is in high correlation with the withers 
height of older horses. Correlations for body weight 
among different age groups were low. Correlations 
for measuring the growth intensity among different 
growth periods were negative. The obtained results 
were in unison with the results of Petzold and Schrom 
(1986), but lower than results of Hintz et al. (1979). 
The withers height, the chest girth, the cannon bone 
circumference and age data (Oki, 1989) indicate 
positive correlation of body weight characteristics 
and vary from r=0,62 to r=0.93 and they were all 
significant. Phenotypic correlations among horse 
growth measures, which emphasized Mc Cann et al. 
(1988), vary between r=0,34 and r=0,74. Hintz et 
al. (1979) find correlations from r=0,38 to r=0,71 
in the period of the first year. Cunningham and 
Fowler (1961) found some higher correlations among 
measures. Arnason (1984), Butler (1986a, 1987) and 
Butler and Krollikowsky (1986b), Butler et al. (1986c) 
find higher genetic and phenotypic correlation 
among body measures of adult horses. Huizing and 
May (1989) indicate a high genetic and phenotypic 
correlation among horse characteristics of different 
age. Rastija et al. (1995) indicate a positive phenotypic 
correlation among the withers height and the chest 
girth in Lipizzaner. The correlations among the 
withers height and the cannon bone circumference 
of the Lipizzaner were positive according to Rastija 
et al. (1995), the correlation coefficient was more 
emphasized at the same age, while it was significantly 
less emphasized at different age.
The aim of this study was to estimate phenotypic 
correlations among withers height, chest girth, and 
cannon bone circumference measured during the 
growth of Lipizzan horses.
MATERIALS AND METHODS
The data used in this study comprised of 912 
horses born in Croatian state breeding studs 
(mainly Djakovo but horses born in Lipik and 
other smaller studs were also present) between 
1930 and 2002 and measured during the growth 
(at foaling, with six months, with 12 months, with 
24 months, with 36 months, and as adult horses). 
Basic three measurements (withers height, chest 
girth, and cannon bone circumference) were taken 
from the register book of the state stud Djakovo. 
Due to missing data calculation was based on 912 
measurements for foals at foaling, 812 measurements 
for six-month old foals, 776 measurements for one-
year old foals, 724 measurements for two-year old 
foals, 717 measurements for three-year old foals 
and 735 measurements for adult horses. Phenotypic 
correlations were calculated with PROC CORR of the 
statistical program SAS (SAS Institute 1989). 
RESULTS AND DISCUSSION
Phenotypic correlations among three basic 
morphological traits (withers height, chest girth, and 
cannon bone circumference) for the Lipizzan horses 
with different age are shown in table 1. The obtained 
estimates ranged from a very low correlations to a 
very high correlations and were highly significant 
(P<0,001) for all three traits. Correlations among 
the withers height, the chest girth and the cannon 
bone circumference at foaling, at the age of six, 12, 
24, 36 months and adult horses were between middle 
correlations and high correlations. The correlation 
was high among the withers height and the chest 
girth, middle among the withers height and the 
cannon bone circumference and high among the 
cannon bone circumference and the chest girth. 
The correlations imply a strong relationship among 
the withers height and the chest girth, and a strong 
relationship among the chest girth and the cannon 
bone circumference as well as among the cannon 
bone circumference and the chest girth.
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For the three-year old horses a strong relationship 
among the withers height and the chest girth and 
the cannon bone circumference and the chest girth 
was observed. The correlations were high in all 
analyzed characteristics (the withers height and the 
chest girth and the cannon bone circumference, and 
the chest girth and the cannon bone circumference). 
For the withers height (table 2) a high correlation 
was observed among the foaling and the age of six 
months. A middle correlation was observed at foaling 
and all other ages (12, 24, 36 months and adult 
horses). A high correlation was observed at the age 
of 12 and 24 months and six months, and a middle 
correlation among the withers height at the age of 
six months and 36 months and adult horses. A high 
correlation was also observed at the age of 12 months 
with the age of 24 and 36 months, while a middle 
correlation was observed among one-year olds and 
adult horses. For the withers height in two-year olds 
a high correlation with the three-year olds and adult 
horses was observed, while a very high correlation 
was observed in three-year olds and adult horses.
Table 1. Phenotypic correlations among withers height, chest girth, and cannon bone circumference measured during the growth 
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Table 2. Phenotypic correlations of withers height, chest girth, and cannon bone circumference among measurements taken 
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A very low correlation was observed in the chest 
girth at foaling in relation to other ages. A middle 
correlation was observed at the age of 6 months 
compared to one-year olds. A low correlation was 
observed between the age of 6 and 24 months. A 
very low correlation was observed between the age 
of six months and the three-year olds and adult 
horses. A high correlation was observed between 
the one-year and two-year olds, and low between 
one-year and three-year olds and adult horses. A 
high correlation was observed between the two-
year and the three-year olds, and middle between 
two-year olds and adult horses. A high correlation 
was observed between the three-year olds and adult 
horses. A very low correlation of the cannon bone 
circumference was observed at foaling compared to 
other ages (six, 12, 24, 36 months and adult horses). 
A high correlation was observed between the age of 
6 months and 12 and 24 months, while the cannon 
bone circumference is in low correlation at the age 
of 36 months compared to adult horses. A high 
correlation was observed between the one-year and 
two-year olds, and low among the three-year olds 
and adult horses. A high correlation was observed 
between two-year and three-year olds and adult 
horses, while a very high estimate was observed 
between the three-year olds and adult horses. The 
correlation among basic morphological traits after 
foaling and subtraction was ranging from a very low 
negative to a complete positive according to Rastija et 
al. (2002a). A higher and highly significant correlation 
was observed between the withers height after foaling 
and subtraction, the withers height after foaling 
and the chest girth after foaling, the withers height 
after subtraction and the chest girth after foaling 
and subtraction, while the lowest correlation was 
observed among the chest girth and the cannon bone 
circumference and the withers height after subtraction 
and the cannon bone circumference. Rastija et al. 
(2001) indicate a positive correlation of Lipizzan 
breed foals at suckling phase among morphological 
traits from a low to very high correlation, both 
in male and female foals. A positive influence of 
the birth withers height in both male and female 
Lipizzan foals on the later growth was observed by 
Rastija et al. (1988), and the same authors observed 
that foals with a bigger height had a weaker chest 
after foaling and at later age. Saastamoinen (1990) 
observed a high correlation among morphological 
traits in young horses. McCann et al. (1988) indicate 
a variation of correlations among morphological traits 
in young horses from a low to high positive. Hintz 
et al. (1979) indicate a low to strong relationship 
among morphological traits in foals in the first year. 
Butler et al. (1986c) indicate a stronger correlation 
of morphological traits in adult horses. Rastija et al. 
(1995) indicate a stronger correlation of the withers 
height and the cannon bone circumference of the 
Lipizzan horses of the same age. According to Baban 
et al. (1999) research the genetic correlations among 
morphological traits of Lipizzan mares and foals after 
foaling were weak and positive and similar to values 
of the phenotypic correlations.
Rastija et al. (2000) indicate a stronger relationship 
among morphological traits of Holstein foals 
with closer age structures. The correlation of 
morphological traits of the Lipizzan stallions was 
positive and highly significant among the withers 
height and the chest girth according to Rastija et 
al. (2002c), while it was weakly negative to weakly 
positive among other morphological traits. The 
strongest correlations of morphological traits had 
stallions of the Neapolitano line, and the lowest 
stallions of the Tulipan line. Rastija et al. (2002b) 
observed a very strong correlation for Lipizzan mares 
among the withers height and the chest girth, while 
the correlation of the the withers height and the 
cannon bone circumference was weakly negative.
CONCLUSION
The phenotypic correlations indicate a very strong 
relationship among the withers height and the chest 
girth, and a strong relationship among the withers 
height and the cannon bone circumference, and the 
cannon bone circumference and the chest girth. 
For the three-year old horses a strong phenotypic 
correlation among the withers height and the chest 
girth and the cannon bone circumference and the 
chest girth was observed. In all analyzed traits, the 
phenotypic correlations were strong and highly 
significant (P<0.001). Thus, the measurements taken 
during the growth of the Lipizzan horse can be used 
in prediction of the size of the adult horse.
LITERATURE
Árnason, Th. (1984): Genetic studies on conformation and 
performance of Icelandic toelter horses. I. Estimation of 
non-genetic effect and genetic parameters. Acta Agric. 
Scand. 34, 409-427.
Baban, M, Rastija, T., Caput, P., Kneeviæ, I., Stipiæ, N. (1999): 
Genetske i fenotipske korelacije nekih morfolokih svo-
jstava populacije lipicanskih konja. Poljoprivreda 5 (1) 
1-6
Butler I, (1986a): Genetic parameters for body measurements 
in Bavarian warmblood mares. 37th Ann. Meet. of Eur. 
Assoc. for Anim. Prod.
Butler I, Krollikowsky I (1986b): Genetische parameter für 
grössen masse einer stutbuchpopulation des Deutschen 
reitpferdes. Züchtungskunde 58, (4), 233-238.
Butler I, Kelnhofer R, Pirchner F (1986c): Phenotypic cor-
relations among conformation and performance traits of 
trotters. 37th Ann. Meet. of Eur. Assoc. for Anim. Prod.
Butler I, (1987.): Genetische parameter für exterieurmerk-
male bei süddeutschen kaltblutsstuten. 38 th Ann. Meet. 
of Eur. Assoc. for Anim. Prod.
Agric. conspec. sci. Vol. 68 (2003) No. 4
PHENOTYPIC CORRELATIONS AMONG MORPHOLOGICAL TRAITS MEASURED 
DURING THE GROWTH OF THE LIPIZZAN HORSE
243 
Cunningham, K., Fowler, S.H. (1961.): A study of growth and 
development in the Quarter horse. Louisiana State Univ. 
Agr. Exp. Sta. Bull. 546.
Hintz, R.L., Hintz, H.F., Vleck, L.D. (1979): Growth rate of 
Thoroughbreds. Effect of age of dam, year and month of 
birth, and sex of foal. J. Anim. Sci. 48, 480-487.
Huizinga, H.A. Mey, G.J.W. (1989.): Estimated parameters 
of performance in jumping and dressage competition 
of the Dutch Warmblood horse. Livestock Production 
Science, 21, 333-345.
McCann, J.S., Heird, J.C., Ramsey, C.B., Long, R.A. (1988): 
Skeletal bone and muscle proportionality in small-and 
large-framed mature horses of different muscle thickness. 
Equine Vet. Sci. 8, 255-261.
Oki, H. (1989): Estimation of genetic and phenotypic param-
eters of body measurements in Thoroughbreds. Animal 
Breeding Abstracts, 57, (11), 914.
Petzold, P., Schrom, G. (1986): Wachstumsverlauf und Kör-
permasseen-twicklung von Fohlen des Edlen Warmbluts. 
Tierzucht 40, 319-320.
Rastija, T., Kneeviæ, I., Bariiæ, A. (1988): Korelacijska pove-
zanost razvoja tjelesnih mjera drebadi lipicanske pas-
mine. Znan. prak. poljop. tehnol. 18, (3-4), 309-315.
Rastija, T., Kneeviæ, I., Jovanovac Sonja, Mandiæ, I., (1995): 
Heritability and phenotypic correlations among measure-
ments of lipizzaner horses. Stoèarstvo 9-12, 299-302.
Rastija, T., Ljubeiæ, J., Antunoviæ, Z., Baban M, Sele, J. 
(2000): Utjecaj visine grebena, opsega prsa i opsega 
cjevanice nakon poroda na razvoj drebadi holstein 
pasmine. Stoèarstvo 54 (6) 419-426.
Rastija, T. Kneeviæ, I., Antunoviæ, Z., Bukviæ, ., Gutzmirtl D, 
Mandiæ, I. (2001): Povezanost razvoja drebadi lipicanske 
pasmine u fazi sisanja. Stoèarstvo 55 (1) 3-12.
Rastija, T., Baban, Mirjana, Antunoviæ, Z., Mandiæ, I., Èurik, 
I. (2002a): Razvoj i korelacijska povezanost lipicanske 
drebadi po linijama. Poljoprivreda 8, 46-51.
Rastija, T., Antunoviæ, Z., Baban M, Bogut. I., Mandiæ, I. 
(2002b): Povezanost tjelesnih mjera lipicanskih kobila 
po linijama oèeva. Stoèarstvo 56, (2), 83-89.
Rastija, T., Antunoviæ, Z., Baban M, Mandiæ, I., Vitkoviæ, A. 
(2002c): Povezanost nekih tjelesnih mjera lipicanskih 
pastuha po linijama u ergeli Ðakovo. Poljoprivreda 8, 
(1), 52-56.
SAS Institute Inc. (1989) SAS/STAT Users Guide, Version 6, 
4th edn., Volume 1 and 2, Cary, NC.
Saastamoinen, M. (1990): Heritabilities for body size and 
growth rate and  phenotypic correlations among mea-
surements in young horses. Acta Agriculturae Scandi-
navica 40, (4), 377-386.
acs68_41
